Who needs a greener revolution?: Achieving food security for the future pits production increase against growth control by Rull, Valentí
©2010 EuropEan MolEcular Biology organization EMBo reports Vol 11 | no 9 | 2010 659
outlookoutlook
How do we feed the nine billion peo-ple who are projected to inhabit the Earth by 2050? the issue is one 
of serious concern (ash et al, 2010; Butler, 
2010), as an increase in food production 
of up to 40% will be needed to cope with 
the growing population. in response, many 
scientists, politicians and economists have 
proposed a second ‘green revolution’. 
their call references the first green revolu-
tion of the mid-twentieth century, which 
allowed many developing countries to 
drastically increase their food production. 
according to proponents of a new ‘global 
greener revo lution’ (ggr), it will require 
an extensive transformation of agriculture 
to increase production and improve qual-
ity in an equitable and sustainable manner 
without compromising the environment 
(godfray et al, 2010). Science and techno-
logy will be fundamental to achieving the 
goals of enhancing crop efficiency and food 
quality, as well as developing new protein 
sources (Beddington, 2010).
at a glance, such a philanthropic pro-
posal might seem the right thing to do, but 
further analysis reveals that a ggr is not as 
charitable as it first appears; in fact, it could 
lead to undesired and even disastrous conse-
quences. this essay is therefore intended as a 
warning to scientists to think critically before 
signing up to a grr: consider carefully 
the political, social and economic forces 
that would benefit from such a revolution 
and the potential long-term consequences 
for the environment and mankind.
in an article for the Philosophical Transactions of the Royal Society, Sir John Beddington, the uK government’s chief 
scientific adviser and professor of applied 
population biology at imperial college 
london, lists the four main challenges for 
humanity in the twenty-first century as fol-
lows: to feed nine billion people in a sustain-
able way; to cope with increasing demands 
for clean water; to generate more energy; 
and to do all of this while mitigating and 
adapting to climate change (Beddington, 
2010). Science will play a crucial role in this 
endeavour, provided the necessary invest-
ments are being made.
the kinds of advances in science that the 
world requires are far reaching and various. 
plant science will need to improve exist-
ing crops by breeding or genetic modifi-
cation to increase photosynthetic efficiency, 
reduce the need for fertilizers, and develop 
new methods of pest, disease and weed 
control. agricultural science and farmers 
need to develop sustainable livestock farm-
ing that reduces the emission of greenhouse 
gases, notably methane. Fisheries and 
aquaculture— high priorities for future food 
security—will require scientific knowledge 
and technological innovations to avoid 
over-fishing, to increase productivity and to 
deal with climate change and ocean acidifi-
cation. Engineers will need to develop tools 
such as global positioning system-based 
fertilizing or watering systems and remote 
sensors to optimize the use of resources in 
agriculture. nanotechnologies, genomics 
and electronics can be useful for improving 
disease diagnostics, the delivery of pesti-
cides, fertilizers and water, or for monitoring 
and managing soil quality. Finally, science 
will also play a role in changing our diet 
to reduce the consumption of meat and 
dairy products and to develop alternative 
protein sources (the royal Society, 2009; 
Beddington, 2010; godfray et al, 2010).
together, these goals aim to achieve so-
called sustainable intensification: producing 
more food from a given area while reducing 
the environmental impact (godfray et al, 
2010). this is a considerable challenge, rest-
ing on the hope that ‘greener’ innovations—
mostly based on molecular biology and 
genetic manipulations of plants and farm 
animals—will be environmentally safer, 
although this is not a straightforward path in 
many cases.
Scale matters in this endeavour, in terms of both space and time. concerning space, the amount of land and sea 
surface needed to produce food for nine bil-
lion people will obviously be much larger 
than at present, any scientific progress 
notwithstanding. as such, given time, the 
whole planet could turn into one giant farm 
for producing food and biofuels, with lit-
tle or no wilderness left. For defenders of 
the ownership approach (Bruce, 2008), for 
whom the Earth is ours to be exploited at 
our convenience, this vision might not be 
disturbing; nevertheless, the consequences 
would be catastrophic, not least because 
this approach gives no consideration to a 
sustainable future beyond this century. it is 
important to bear in mind that the ggr is 
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proposed as a means to cope with human 
population growth during the next 40 years 
only. this might seem a long-term view from 
today’s perspective (godfray et al, 2010), 
but it barely considers even the next two 
generations. a true long-term view needs 
to embrace a far more extended timeframe 
and consider our great-grandchildren and 
the world they might live in.
if a ggr were a resounding success, 
most humans living beyond 2050 would 
be fed and healthy, but they would inherit 
a planetary farm with little wilderness and 
biodiversity. this, together with the possi-
bility of notably extending life expectancy 
(lucke et al, 2010) and the conviction that 
the next ggr will be always possible—as 
it has been in the past—will probably exa-
cerbate population growth rates and the 
demand for another even-greener revolu-
tion. in fact, the human population could 
reach around 14 billion people by 2100 at 
current growth rates (Fao, 2006) and the 
number might be even higher if the pro-
posed ggr succeeds.
as the Earth’s carrying capacity is 
finite (Hueting, 2010; pelletier, 2010), a 
ggr would lead to vanishing wilderness, 
resource exhaustion and, eventually, soci-
etal collapse. according to the latest esti-
mates, we are already beyond the Earth’s 
carrying capacity and we would need 
around 1.2 Earths to support just the cur-
rent population growth rate (WWF, 2008). 
in addition to resource exhaustion, another 
substantial problem of continued growth is 
the management of the waste generated by 
humankind, which at present is estimated 
to be around 30–40% of the food produced 
(godfray et al, 2010). this mountain of refuse 
is likely to increase by orders of magnitude 
in the coming decades (pelletier, 2010). 
therefore, a ggr might be useful, at best, 
to cope with the near-term requirements of 
hungry humanity—the next two generations 
or so—but it is unsustainable in the medium 
to long term. Still, some solution is needed, 
as current and prognosticated starvation is 
ethically unacceptable and might lead to 
social conflict and war.
in this context, the issue of equity or intra-generational social justice—despite the fact that it is mentioned as 
a premise in almost all proposals on food 
security—is rarely addressed. almost 
everyone agrees that wealth and health 
should be equitably distributed throughout 
the world, but there are no firm propos-
als on how to achieve this goal and little 
progress has been made. it is a political 
problem that requires a political solution, 
but international organizations—notably 
the united nations (un) and its sub-
ordinate bodies—have not been able to 
tackle it, and there is little hope that they 
will in the current political climate.
the inequality prevalent in the world 
serves the economic interest of the rich-
est nations through the near-ubiquitous 
capitalist model, which equates develop-
ment with increasing wealth, measured 
as the gross domestic product (gDp) of a 
country. increasing globalization—with 
the recent demise of the socialist model—
has promoted the export of the capitalist 
model to almost every country. as a result, 
and through the influence of organizations 
such as the World trade organization, the 
international Monetary Fund and the World 
Bank, capitalism has become the domi-
nant economic model. other issues such 
as international law, international security, 
economic development, social progress 
and human rights are subject to the politi-
cal and economic interests of the richest 
economies. Social and environ mental poli-
cies remain subordinate to capitalist con-
cerns at both the local and regional scale 
(pelletier, 2010). the inequality thus created 
is the cause of starvation and mal nutrition 
in developing countries. Before 2005, 
more than 850 million people were under-
nourished. this number then increased by 
75 million in only 2 years, owing mainly 
to the rise of wheat and maize prices for 
market reasons (Beddington, 2010). today, 
hunger is not only a problem of over-
population, but to a great extent, also of 
intra-generational injustice. this means 
that fighting starvation is a matter not only 
of growing more food, but also of creating 
social equity, which requires economic and 
political action.
Future population growth and the cor-
responding demand for more food there-
fore support the current capitalistic model, 
which is based on economic growth and 
unequal wealth distribution. a ggr would 
be subject to this growth model; in other 
words, capitalism, not humanity, needs 
a ggr. Scientists should be aware of this 
and consider whether a ggr is really the 
best option from both a professional and 
personal point of view, as science should 
serve humanity and Earth, not any parti-
cular social, religious, ideological, politi-
cal or economic system (rull, 2010).
those who prefer a more sustainable path for future development might consider demand reduction—an 
option to avoid future food scarcity that 
is rarely considered (Westing, 2010). For 
their part, economists and politicians 
should also develop and implement alter-
native economic models that aim for a 
sustainable future for both humans and 
nature. the alternative—trying to recon-
cile economic growth, social justice and 
environmental safety—is akin to putting 
a square peg into a round hole (lawn, 
2010). in his 2008 book, The Bridge at 
the Edge of the World, the environ mental 
advocate James Speth laments that mod-
ern capitalism is already out of control 
and that “growth is the enemy of envi-
ronment. Economy and environment 
remain in collision” (Speth, 2009).
there are alternative economic models 
that recognize ecological limits to human 
development and emphasize social equity. 
the first of these proposes a steady-state 
economy: one that has stopped growing 
in terms of gDp, but continues to improve 
quality of life and is maintained by an 
ecologically sustainable rate of resource 
throughput and a constant human popula-
tion (Kerschner, 2010; lawn, 2010). the sec-
ond is a sustainable de-growth model that 
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has been defined as “an equitable down-
scaling of production and consumption that 
increases human well-being and enhances 
ecological conditions at the local and 
global level, in the short and long term” 
(Schneider et al, 2010). the paradigm is 
that human progress without economic 
growth is possible; it has been shown 
repeatedly that gDp per capita does not 
correlate with overall happiness above a 
certain level of satisfying people’s basic 
needs (layard, 2010). according to these 
proposals, rich nations would need to 
start the transition to a steady-state econ-
omy through the reduction of gDp or de-
growth within the next 5 years, and poor 
nations could take 20–40 years to make 
the transition in order to ensure a sustain-
able future. as many poor nations have 
the highest population growth rates, a 
first step should be to implement suitable 
controls to stabilize their populations with 
support from rich countries.
the defenders of de-growth emphasize 
that this process is not the same as reces-
sion or depression—there should be no 
social or quality of life deterioration—nor 
does it promote a return to a fictitious pre-
 industrial pastoral past. gDp reduction 
involves mainly components that require 
large-scale, resource-intensive production 
and socio-political and lifestyle changes 
(Schneider et al, 2010). Steady-state and 
de-growth models are based on the prin-
ciple of ecological economics, which 
emphasizes the importance of the inter-
actions between the environment and the 
economy, and of biophysical laws and con-
strains to human development (costanza 
et al, 1997; Victor, 2010). Ecological eco-
nomics is based on simple premises: the 
laws of thermodynamics, which state that 
the amount of energy in a closed system 
is constant and that any transformation 
degrades usable energy into entropy. all 
economic activities therefore deplete the 
available stock of usable energy and pro-
duce entropic waste; a closed system such 
as the Earth has a limited capacity to sup-
ply energy and material resources and 
to absorb the associated entropic waste 
(pelletier, 2010).
among the different meanings of sustain-
ability, ecological economics defends a so-
called strong sustainability (Munda, 1997). 
this is in contrast to weak sustainability, 
which assumes an abundance of natural 
resources and that technological progress 
can increase the productivity of natural 
capital faster than it is being depleted. Weak 
sustainability could be considered a moder-
ate version of the planetary ownership view 
(Bruce, 2008). By contrast, strong sustain-
ability argues that natural capital—which 
provides raw materials for production 
and consumption, assimilates the result-
ing waste products, and provides amenity 
services and basic life-support functions 
on which human life depends—is largely 
non-substitutable (neumayer, 2003; Dietz 
& neumayer, 2007). the idea behind strong 
sustainability is to strike a balance between 
nature intervention and conservation—that 
is, the stewardship approach described by 
Bruce (2008). Despite its concern for nature, 
the idea of strong sustainability is still 
anthropocentric, as the primary objective 
is human survival and welfare. therefore, 
strong sustainability could be viewed sim-
ply as a wiser form of planetary ownership 
than weak sustainability.
…capitalism is a successful 
strategy with strong  
selective value to increase 
evolutionary fitness
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although steady-state and de-growth are interesting and promising pro-posals to meet the problem of food 
security, there are some concerns; namely, 
the considerable changes required of socio-
political organizations and lifestyles, the 
adherence to an intrinsically anthropo-
centric concept of sustainability, and the 
lack of a consolidated programme to realize 
these ideas.
indeed, affluent democratic societies 
might be highly resistant to the neces-
sary changes in lifestyle and consumption. 
a reduction of material living standards 
and consumption in industrialized coun-
tries would probably cause feelings of 
loss (Matthey, 2010). Few politicians or 
political parties with aspirations to govern-
ment would be willing to defend such an 
un popular proposal. another obstacle in 
Western democratic systems is the short 
duration of each government, which is 
usually 4–5 years. Most governments are 
therefore reluctant to address problems that 
require large-scale, long-term changes. the 
problem is even more serious given that 
inter national organizations such as the un, 
which were created specifically to meet 
such global challenges, remain subject to 
political and economic interests of the richer 
countries and therefore powerless to imple-
ment changes in such nations. Some have 
therefore proposed the creation of a new 
World Environmental organization with the 
teeth and authority to legislate and enforce 
compliance (pelletier, 2010).
the problem of acceptance might be 
even worse in developing nations. the prom-
ise of capitalism has created expectations of 
wealth and consumption in these countries 
that people would be asked to renounce 
even before they had had a chance to enjoy 
them. thus, population control is not suffi-
cient, as most humans also need more food, 
better health and better living conditions. to 
mitigate this problem it has been proposed 
that developed countries should switch to 
a steady-state economy now, thereby leav-
ing space for growth in the developing 
nations as a sign of intra-generational social 
justice (Kerschner, 2010). of course, such 
economic growth should include effective 
population control in order to increment per 
capita income and to increase social and 
individual well-being. to make such growth 
sustainable, it would still require a ggr to 
increase food production and reduce the 
degradation of nature.
Worldwide social justice is a com-plex issue that is beyond the scope of this article, but some 
ideas are pertinent in this context. perhaps 
our lack of a species consciousness is a 
main obstacle to attaining goals such as 
intra- generational justice, the eradication of 
hunger, sustainable development and nature 
conservation—all of which are apparently 
desired by most people. Humanity has won 
its battles against its competitors—other vio-
lent, omnivorous species—but has organized 
itself in such a way that different nations, 
ideologies, races, social classes and so on, 
compete with each as though they were 
‘cultural species’. in this context, capitalism 
is a success ful strategy with strong selec-
tive value to increase evolutionary fitness. 
Some anthropologists believe that we are 
not yet humans, as we are still too attached 
to ancestral primate values such as selfish-
ness, territoriality and violence (carbonell & 
Sala, 2001). according to the same authors, 
the necessary species consciousness will 
emerge from altruism and the socialization 
of knowledge (carbonell, 2007). apart from 
the manifest ownership attitude of these 
anthropologists—whose ultimate aim is to 
replace the natural order with human organ-
ization of Earth—their concept of a global 
human species consciousness and how to 
attain it could be interesting for its use as a 
tool to address sustainable development 
under ecological economics principles.
the formulation of ideas to achieve 
steady-state and de-growth economies is 
still in progress, but some clues to a solution 
can already be seen. For example, lawn 
(2010) offers some macroeconomic consi-
derations on how governments can regulate 
the private sector to facilitate the transition 
to a steady-state economy. another interest-
ing proposal is to reduce the dependence on 
markets and to develop alternative political 
and economic infrastructures with different 
values (latouche, 2010). Steady-state and 
de-growth proposals are encouraging mani-
festations of the interest of certain economic 
sectors to develop credible and viable alter-
natives to uncontrolled growth, but more 
options are needed with special emphasis 
on reducing or avoiding anthropocentrism, 
and limiting or eliminating the prevalence of 
the market economy (rull, 2010). Economic 
crises such as the present one are excellent 
opportunities for questioning the dominant 
capitalist model (Schneider et al, 2010; 
Johns, 2010). now is the time for economic 
creativity and political will.
in the context of ggr, scientific research 
and technological development are parts 
of the so-called sustainable intensification 
to produce more food. in the steady-state 
or de-growth models, science and techno-
logy are tools to reduce the land needed 
to produce a given amount of food. the 
key is the big picture; molecular research 
focused on food improvement is justified, 
but its contribution to either development 
model depends—as do most, if not all, sci-
entific contributions—on social and politi-
cal interests. in this regard, the scientific and 
techno logical developments proposed in 
the context of a ggr, such as crop improve-
ment and protection, sustainable livestock 
farming, fishing and aquaculture improve-
ment, mechanization, engineering, nano-
technology and diet changes, should be 
encouraged anyway, as these can contribute 
greatly to more efficient and hopefully safer 
food production practices in the future.
in summary, while global capitalism needs a ggr to continue along its unsustainable path, there are alternative 
models of human development that accept 
and address the biophysical constraints 
on economic and population growth on 
Earth. Some steady-state and de-growth 
alter natives have been proposed, based on 
the emerging discipline of ecological eco-
nomics, but these would require a political 
and societal revolution, and a reassessment 
of the role of the market economy and true 
nature conservation. However, the basic 
principles of ecological economics seem 
potentially useful if we are to avoid a suc-
cession of ggrs that exhaust the Earth’s 
resources. the acceptance of those princi-
ples could represent a first step towards a 
better world.
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it is beyond all doubt that scientists 
defending a ggr have good intentions. 
But this should be done in a different sce-
nario than the utopia of unlimited growth. 
otherwise, politicians, stakeholders and 
the public in general might get a wrong 
idea of what is considered right from a sci-
entific point of view and, what is worse, 
they might lose confidence in science and 
its practitioners.
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